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(71) We, Kaixe Aktiengesellschaft, 
a body corporate organised according to the 
laws of Germany, of 190 — 196 Rheingau- 
strasse, Wiesbaden-Biebrkh, Germany, do 

5 hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement: 1 — 

10 This invention is concerned "with resorcinol 
derivatives and improvements in and abating 
to two-component diazotype material. 

The use of resorcinol and a number of 
resorcmol derivatives as yellow couplers, i.e. 

15 compters to produce yellow dyestuffs, in the 
diazotype field is known. Derivatives with cer- 
tain substituents in the 2-posrtion, e.g. the 2,6- 
dihydroxy-<toluene derivative, are used among 
others. "When used in two-component 

20 materials, these hitherto known derivatives 
and resorcinol itself have the disadvantage 
that, after prolonged storage of the unexposed 
material, e.g. for several months, they give 
copies of lower contrast than . when using 

25 freshly produced material. Although mis 
phenomenon cannot be explained with cer- 
taintyj it can be assumed that it results from 
a "migration" of die coupling component from 
the light-sensitive layer. This phenomenon 

30 becomes particularly undesirable when resor- 
cinol derivatives are used in combination with 
blue couplers to give a diazotype material 
producing black lines since during storage, a 
displacement in die eventual developed colour 

35 shade from black to blue occurs. 

The present invention provides in the first 
place resorcinol derivatives of the general For- 
mula A, 



0M 




in which 40 
R* stands for a hydrogen or halogen atom 
or a hydroxy, alkyl or diakylamino 
group, and 

R 2 stands for a hydrogen or halogen atom 
or a hydroxy, alkyl, aryl, aralkyl, 45 
alkoxy, aryloxy or dialkylamino group. 
Hie invention also provides two-component 
diazotype material containing in a .light-sensi- 
tive layer at least one diazonium compound 
derived from unilaterally diazatized p- 50 
phenylene -diamine and as coupling component 
at least one resorcinol derivative of the general 
Formula A. 

Among the coupling components of general 
(Formula A an which R a stands fox an alkyl or 55 
a dialkylamino group, those with low alkyl 
radicals, ie. containing 1 to 4 carbon atoms, 
are preferable in order to provide a sufficient 
water solubility. 

R 2 is preferably a hydrogen or halogen 60 
atom or a hydroxy group, an alkyl group with 
1 to 4 carbon atoms, a phenyl group contain- 
ing at least one substkuent imparting water 
solubility or a dialkylamino group the alkyl 
radicals of which contain 1 to 4 carbon atoms. 65 

The groups R x and R 2 may be the same or 
different and may be in any position relative 
no fthe linkage with the resorcmol rang. 

to be used as yellow com- 
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ponents in diazotype material in accordance 
with the invention preferably have a good 
water-solubility but those with a lower water- 
solubility can be used if the support, e.g. a 

5 foil, is to be coated from a solution in an or- 
ganic solvent. 

Diazotype materials containing yellow com- 
ponents as used in accordance with die inven- 
tion are very suitable for the production of 

10 hrtermediate originals because of the ligjit ab- 
sorption in the ultra-violet range of die azo- 
dyestuffs obtained on coupling with the 
diazonium compounds derived (from unilater- 
ally diazotized p-phenylene-diamine, which 

15 are usual in the diazotype field. These com- 
ponents may also be used in conjunction with 
known blue couplers, e.g. 2,3 - dmydroxy- 
naphthalene, 2 - hydroxy - 3 - naphthoic acid 
and derivatives thereof, to give diazotype 

20 reproduction materials producing black lines. 
Even after a storage of several months in 
the unexposed state such materials do not ex- 
hibit a colour displacement from black to blue 
of the copies obtained therewith. 

25 All supports usual in the diazotype field 
may be used for the production of the diazo- 
type materials of the invention. If, however, 
the materials are to serve for the production 
of intermediate originals, transparent support 

30 materials, such as transparent paper, trans- 
parentized paper or transparent films, e.g. 
from cellulose acetate or polyesters, are pre- 
ferable. 

The resorcinol derivatives of the invention 
35 are obtained from the <x>rresponding methoxy 
compounds by ether cleavage. The general 
method of production of the starting materials 
is known. It is perfoianed by metallizing the 
resorcinol dimethyl ether with phenyl sodium 
40 and reacting the product with halogen ben- 
zenes. The ether groups are removed in known 
manner, e.g. with hydrobromic or hydriodic 
acid, or with aluminium chloride. 

The following Examples illustrate the in- 
45 vention. The relationship between part by 
weight and part by volume is the same as be- 
tween the gram and the millilitre. The For- 
mulae referred to are those set out in the 
Table below. 
50 Example 1 

White photoprinting base paper was coated 
with a solution of: 

5.0 g of citric acid, 
5.0 g of thiourea, 
55 3.0 g of naphthalene - 1,3,6 - tri- 

suiphonic acid (sodium salt), 
2.0 g of zinc chloride, 
12 g ctf 4 - (N - ethyl - N - 

hydroxy - emyl)annno - benzene- 
50 diazonium chloride, zinc chloride 

double salt, 
1.0 g of the compound of Formula 3, 
and 

5.0 ml of isopropanol in 
65 100 ml of water 



and dried. After exposure to light under an 
original and development with ammonia 
vapour, an image was obtained in light brown 
lines on a white background. 

Instead of the compound of Formula 3 the 79 
compound of Formula 2 may be employed 
with an equally good result. 

Production of the compound of Formula 3 
(2,6,3' - trihydroxy - diphenyl): 

30 parts by weight ef 2,6,3' - tximethoxy- 75 
diphenyl are heated for three hours with 50 
parts by volume of aqueous hydriodic acid 
(57%). After cooling aad neutralizing with 
solid caustic soda, the resulting oil is taken up 
in 100 pans by volume of ether and filtered 80 
over aluminium oxide. After evaporation of 
the solvent, a highly viscous oil remains which 
proves to be pure in a thin layer chromato- 
graphic test. 

The compound of Formula 2 (2,6 - di- 85 
hydroxy - 2',5' - dimethyl - diphenyl) is pre- 
pared analogously tfrom 2,6 - drmethoxy- 
2',5' - dimethyl - diphenyl (melting point 58 
to 60°C.)- A viscous oil is obtained. 

Example 2 90 
White photoprmtang base paper provided 
with a prefcoat of polyvinyl acetate asd 
colloidal silka was coated -with the following 
solution: 

5.0 g of citric acid, 95 

4.0 g of thiourea, 

4.0 g of zinc chloride, 

2.0 g of 4 - <N - ethyl - IN - fi - 

hydroxy - erthyl)amino - benzene- 

diazonium chloride, zinc chloride 100 

double salt, 
1.5 g of 2,3 - drhydroxy - naphthalene- 

6 - sulphonic acid, and 
0.4 g of the compound of Formula 1 in 
100 ml of water. 1^5 

From the thus sensitized material, after ex- 
posure to light and development with am- 
monia, copies with neutral black Knes- on a 
white background were obtained. 

Practically the same results are obtained HO 
when using the compound of Formula- 4 in- 
stead of the compound of Formula 1. 

The compound of Formula 1 (2,6 - di- 
hydroxy - diphenyl) is prepared as fol- 
lows: U5 

30 parts by weight of 2,6 - dimethoxy - di- 
phenyl are heated for three hours with 50 
parts by volume of aqueous hydriodic acid 
(57%). After cooling, the mixture is neutra- 
lized with soHd sodium hydroxide. The 120 
separated oil on standing changes into a 
crystalline mass. Hie raw product is filtered 
with suction and, for purification, recrystal- 
lized from water. Colourless crystal needles 
with a melting point of 1*17 to 118°C. are ob- 125 
rained. 
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Example 3 
Transparent paper lacquered with acetyl 
cellulose was coated on die lacquered side 
with the following solution: 

5 3.0 g of citric acid, 
1.5 g of boric acid, 
2.0 g of aluminium sulphate, 
2.0 g of thiourea, 

3.0 g of 4 - morpholino - 2,5 - diethoxy- 
10 benzene - diazonium tetrafluoro- 

borate, 

2.0 g of the compound of Formula 5 m 
50 ml of asopropanol, and 
50 ml of water. 

15 After exposure to light and development 
with ammonia gas, copies with dark brown 
lines are obtained. Because of their good 
covering power, they are well suited as inter- 
mediate originals for making .further copies 

20 on diazotype material. 

The compound off Formula 5 cam be re- 
placed in the sensitizing solution by ;the com- 
pound of Formula 6 and similar results ob- 
tained. 

25 Preparation of the compound of Formula 5 
(2,6,3V' - tetrahydroxy - diphenyl): 
15 parts by weight of 2,tf,3 ',5' - tetra- 
methoxy - diphenyl (melting point 104 to 
10&°C) acne dissolved an 15 parts by volume 

$0 of toluene and reacted with 35 parts by weight 
of Aids. After heating for two hours at 
•100°C., the mixture is reacted with water and 
concentrated hydrochloric acid, and extracted 
with ether. Hie solvent is evaporated and the 

35 residue is dissolved in ethyl acetate, filtered 
over active carbon and precipitated with light 
gasoline. Colourless crystals with a melting 
point of 213 to 215°C. are obtained. 
Example 4 

40 Acetyl cellulose film was coated with a 
solution of : 



2.5 g of citric acid, 
3.0 g of thiourea, 

5.0 g of 4 - diethylarndno - benzene- 

diazonium tetrafluoroborate, 45 
2.4 g of 2 - hydroxy - naphthalene - 3- 
carboxylic acid ethylene diamide 
(hydaoichloride), and 
3.2 g of the compound of Formula 7 in 
65 ml of isopropanol, and 50 
35 ml of water, 

and dried. Oopies with black lines on a clear 
transparent background were obtained (from 
the sensitized material in the conventional 
manner by dry development. 55 

Copies of equally good contrast are ob- 
tained using the compound of Formula! 8. 

Preparation of the compound of Formtda 7 
(3 - dimethylamino - 2',6' - dihydroxy- 
diphenyl) : 60 

In a similar manner to the preparation of 
the tri- and tetramethoxy-diphenyls, 3 - di- 
methylamino - 2',6' - ddmethoxy - diphenyl 
can be prepared from 2 - (or 3-) - dhloro- 
dimethylanfline and 2,6 - ddmethoxy - phenyl- 65 
sodium, (boiling point l*80°C./2 mm Hg; 
melting point 115 to 117°C. when recrystal- 
hzed from gasoline). 

For 6 saponification, 15 parts by weight of 
3 - dimethyl - amino - 2',«6' - ddmethoxy - di- 70 
phenyl are dissolved in 35 parts by volume of 
48 per cent hydrobromic acid and heated for 
two hours to the boiling point. After cooling, 
the precipitated 2,6 - dmydroxy - 3' - di- 
methylamino - diphenyl - hydrobxomide is 75 
filtered off under suction and recryscallized 
from 80 parts by volume of water. Colourless 
crystals melting at 253 to 255°C with decom- 
position are obtained. 

For the preparation of the fcee base, the 80 
hydrobromide is dissolved in methanol and 
the solution rendered alkaline with ammonia. 
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Table 



Formula 
No. 



(position) 



R g (position) 



Melting point 



1 

2 
3 
4 
5 
6 
7 



8 
9 
10 



H 

CH 3 (2') 

H 

H 
OH(3') 
011(20 

H 



H 
H 
H 



H 

CH 8 (5') 
OH(3^ 
OH(40 
OH(5') 
OH(5') 
N(CHa) 2 .HBr(30 

free base 

N(C 2 H 5 ) 2 .HBr(3 / ) 
0(30 



OH 



117 — 118 

viscous oil 
highly viscous oil 
195 — 197 
213 — 215 

206 — 207 

253 — 255 
(decomposition) 

125 — 125.5 

207 — 208 
132 — 134 
217 — 219 



WHAT WE CLAIM IS: — 

1. A resorcinol derivative of the general 
Formula A, 

5 <S — 6 » 

in which 

R 2 stands for a hydrogen or halogen atom 
or a hydroxy, alkyl or diaikylamino 
group, and 

10 R2 stands for a hydrogen or halogen atom 
or a hydroxy, alkyl, aryl, aralkyl, 
alkoxy, aryloxy or dialkyiamino group. 

2. A resorcinol derivative as claimed in 
claim 1, in which 

15 R x stands for a hydrogen or halogen atom 
or a hydroxy group or an alkyl or di- 
aikylamino group of which die alkyl 
radicals contain 1 to 4 carbon atoms, 
and 

20 R 2 stands for a hydrogen or halogen atom 



or a hydroxy group, an alkyl group with 
1 to 4 carbon atoms, a phenyl group 
with at least one substntuent imparl ing 
•water solubility or a diaikylamino group 
the alkyl radicals of which contain d to 25 
4 carbon atoms. 

3. A resorcinol derivative as claimed in 
claim 1 3 substantially as described in any one 
of the Examp les herein, in conjunction with 

the Table herein. m 30 

4. A two-<omponent daazotype material 
containing in a light-sensitive layer at least 
one diazonium compound derived from 
unilaterally ddazorized p - phenylene - di- 
amine and as coupling component at least one 35 
resorcinol derivative of the general Formula 

A, as set forth in claim 1. 

5. A material as claimed m claim 4, con- 
taining as resorcinol derivative a derivative as 
claimed in claim 2. 40 

6. A material as claimed in claim 4 or 5, 
also containing in the said layer a coupling 
component yielding a blue dyestuff . 

7. A material as claimed in claim 4, sub- 
stantially as described in any one of die 45 
Examples herein. 
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8. A copy, dncluding an intjermedaate ABEL & JMRAY, 

original, when made by image-wise exposure Chartered Patent Agents, 

and development of a material as claimed in QuaHty House, Quality Court, 

any one of claims 4 — 7. Chancery Lane, iLondon, W.C2. 



Printed for Her Majesr/s Stationery Office by the Courier Press, Leamington Spa, 1971. 
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from 

which copies may be obtained. 
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PHOTOGRAPHIC PRODUCTS, COMPOSITIONS 
AND PROCESSES EMPLOYING AZO DYE 
DEVELOPERS 
-Myron S. Simon, Newton Center, Mass., assignor to 

Polaroid Corporation, Cambridge, Mass., a corporation 

of Dels ware * 

No Drawing. Filed May 21, 1962, Sen No. 196,523 
39 Claims. (CL96— 29) 

This invention relates to photography and more particu- 
larly to products, compositions and processes for the de- 
velopment of photosensitive silver halide elements. 

It is one object of the present invention to provide 
novel processes and compositions for the development of 
silver halide emulsions, in which novel colored silver 
halide developing agents are used. 

Another object is to provide novel processes and com- 
positions for the development of silver halide emulsions, 
in which the novel silver halide developing agent is ca- 
pable of developing an exposed silver halide emulsion and 
imparting a reversed or positive colored image of the 
developed image to a superposed image-receiving ma- 
terial. 

Further objects are to provide said novel silver halide 
developing agents, and novel products, processes and com- 
positions suitable for use in preparing monochromatic 
and multichromatic photographic images by the employ- 
ment of said novel silver halide developing agents. 

Other objects of the invention will in part be obvious 
and will in part appear hereinafter. 

The invention acordingly comprises the processes in- 
volving the several steps and the relation and order of 
one or more of such steps with respect to each of the 
others, and the products and compositions possessing the 
features, properties and the relation of elements, which 
are exemplified in the following detailed disclosure, and 
the scope of the application of which will be indicated in 
the claims. 

The objects of this invention may be accomplished by 
the use of certain novel dyes which have the ability to 
develop an exposed silver halide emulsion; thus these 
dyes may be referred . to as dye developers. These 
novel dyes or dye developers will be further described 
hereinafter. 

The dye developers and the photographic processes 
and compositions disclosed herein are particularly useful 
in the treatment of ah exposed silver halide emulsion, 
whereby a positive dye ima|e may be imparted to another 
element, herein referred to as an image-carrying or image- 
receiving element. 

VS. Patent No. 2,983,606, issued May 9, 1961, to 
Howard Q. Rogers, discloses diffusion transfer processes 
wherein a photographic negative material, such as a 
photographic element comprising an exposed silver halide 
emulsion, is developed in the presence of a dye developer 
to impart to an image^receiving layer a reversed or posit 
tive dye image of the developed image by permeating into 
said emulsion a suitable liquid processing composition 



sensitive element in a uniform layer as the photosensitive 
element is brought into superposed position with an image- 
receiving element. The liquid processing composition 
permeates the emulsion to provide a solution of dye devel- 
5 oper substantially uniformly distributed therein. As the 
exposed silver halide emulsion is developed, the oxidation 
product of the dye developer is immobilized or precipi- 
tated in situ with the developed silver, thereby providing 
an imagewise distribution of unoxidized dye developer 
10 dissolved in the liquid processing composition. This im- 
mobilization is apparently due, at least in part, to a 
change in the solubility characteristics of the dye de- 
veloper upon oxidation, and especially as regards its 
solubility in alkaline solutions. It may also be due, in 
15 part, to a tanning effect on the emulsion by the oxidized 
developing agent. At least part of this imagewise dis- 
tribution of unoxidized dye developer is transferred, by 
imbibition, to a superposed image-receiving layer. The 
image-receiving layer receives a depthwise diffusion, 
20 from the emulsion, of unoxidized dye developer, without 
appreciably disturbing the imagewise distribution thereof, 
to provide a reversed or positive, colored image of the 
developed or negative image. The image-receiving ele- 
ment may contain agents adapted to mordant or otherwise 
25 fix the diffused, unoxidized dye developer. Imbibition 
periods of approximately one minute have been found to 
give good results, but this contact period may be adjusted 
where necessary to compensate for variations in tempera- 
. ture or other conditions. The desired positive image is 
30 revealed by separating the image-receiving layer from the 
silver halide emulsion at the end of the imbibition period. 

The dye developer of this invention may be utilized in 
the photosensitive element, for example in, on or behind 
the silver halide emulsion, or they may be utilized in the 
image-receiving element or in the liquid processing com- 
position. In a preferred embodiment, a coating or layer 
of the dye developer is placed behind the silver halide 
emulsion, i.e., on . the side of the emulsion adapted to 
be located most distant from the photographed subject 
when the emulsion is exposed and preferably also adapted 
to be most distant from the image-receiving layer when in 
superposed relationship therewith. Placing the dye de- 
veloper behind the emulsion layer, as in the preferred 
embodiment, has the advantage of providing increased 
contrast in the positive image, and also minimizes any 
light-filtering action by the colored dye developer. In 
this preferred embodiment, the layer of dye developer 
may be applied by using a coating solution containing, 
e.g., about 0.5 to 8%, by weight, of the dye developer. 
Similar concentrations may be used if the dye developer 
is utilized as a component of the liquid processing com- 
position. In an especially useful mode of disposing the 
dye developers in the photo-sensitive elements, the dye 
developer is dissolved in a water-immiscible solvent and 
then dispersed in a gelatin coating solution. 

The liquid processing composition which is used in the 
processes herein disclosed comprises at least an aqueous 
solution of an alkaline compound, for example, diethyl- 
amine, sodium hydroxide or sodium carbonate, and may 
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and bringing said emulsion into superposed relationship 60 ^ETTHSLt T 

wtih n « ? n *r An «- 9 t» ,- ma o*_™^v;«r il^r T*Ut» 60 contain dye developer. In some instances, it may 



wtih an appropriate image-receiving layer. The inven- 
tive concepts herein set forth provide novel dye developers 
which may be advantageously used in such processes. 

In carrying out the process of this invention, a photo- 
sensitive element containing a silver halide emulsion is 
exposed and wetted with a liquid processing composition, 
for example by immersing, coating, spraying, flowing, 
etc., in the dark, and the . photosensitive element super- 
posed prior to, during or after wetting, on an image-re- 
ceiving element. In a preferred embodiment, the photo- 
sensitive element , contains a layer of dye developer, and 
the liquid processing composition is applied to the photo- 
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contain an additional silver halide developing agent. If 
the liquid processing composition is to be applied to the 
emulsion by being spread thereon, preferably in a rela- 
tively thin, uniform layer, it may also include a viscosity- 
increasing compound constituting film-forming material 
of the type which, when spread over a water-absorbent 
base, will form a relatively firm and relatively stable film. 
A preferred film-forming material is a high molecular 
weight polymer such as a polymeric, water-soluble ether 
inert to an alkali solution, as, for example, a hydroxy- 
ethyl cellulose or sodium carboxymethyl cellulose. Other 
film-forming materials or thickening agents whose ability 
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to increase viscosity is substantially unaffected when left in 
solution for a long period of time may also be used. 

The novel azo dye developers of this invention may be 
represented by the formula: 



[ 



Y — A r — N=N— ~1 X 




(C) 



Z B — Ar-Y 



is a benzene nucleus, and the preferred group of diazo- 
tizable compounds may be represented by the formula: 

(D) 



wherein Y is a para-dihydroxyphenyl or an ortho-dihy- 
droxyphenyl group which also may be nuclear substituted 
by alkyl or halogen groups; Ar is a divalent aryl nucleus, 
such as a benzene or naphthalene nucleus, directly at- 
tached to the phenyl ring of Y; each Z is an alkyl group, 
preferably a lower alkyl group such as methyl or ethyl' 
an alkoxy group, preferably a lower alkoxy group such 
as methoxy, or a halogen, such as chlorine; n is 0, 1 or 2; 
m is 1 or 2; said aryl nucleus Ar being directly attached 
to the phenyl ring of Y, and the azo group — N=N be- 
ing directly attached to a ring carbon of said aryl nucleus 
Ar; and X is the radical of an azo coupling component. 

In a preferred embodiment, the aryl nucleus Ar is a 
benzene nucleus, and such die developers may be repre* 
sented by the formula: 

(B) 



10 



30 



35 



wherein Y, Z, n, X and m have the same meaning as above. 

As illustrations of suitable coupling components or 
couplers from which X may be derived, mention may be 
made of phenols and aromatic amines having a free posi- 
tion ortho or para to the hydroxyl or amino group, e.g., 
phenol, anilines, naphthols, anthrols, naphthylamines, etc.; 
heterocyclic aromatic compounds containing hydroxyl or 
amino groups, such as pyrazolones or pyrroles; aliphatic 
or clicyclic activated methylene couplers, i.e., compounds 
having a aliphatic or alicyclic methylene group activated 
by two adjacent keto, aldehyde, ester or nitrile groups, 
which may be the same or different, or a keto, aldehyde, 40 
ester or nitrile group in combination with an amide group, 
e.g., 1,3-diketones or /3-ketonic acid arylamides; etc., and 
substituted derivatives thereof. Examples of groups which 
may be present in such substituted derivatives include 
alkyl, sulfo, alkoxy, aryl, aryloxy, amino, keto, alkyl- 
amino, arylamino, hydroxyl, cyano, alkylamido, aryl- 
amido, carbalkoxy, carboxamido, sulfonamide, etc. 

As used herein with reference to X, the expression 
"radical of a phenolic coupler" is intended to refer to 
hydroxyphenyl, hydroxynaphthyl, hydroxyanthryl, etc. 
radicals, and substituted derivatives thereof; the expres- 
sion "radical of an aromatic amino coupler" is intended 
to refer to aminophenyl, aminonaphthyl, etc. radicals, 
and substituted derivatives thereof; and the expressions 
"radical of a heterocyclic aromatic coupler," "radical of 
an aliphatic activated methylene coupler"- and "radical of 
an alicyclic activated methylene coupler" are to be simi- 
larly construed. 

The novel dye developers of this invention may be pre- 
pared by diazotizing a compound of the formula: 
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wherein Ar, Z, n and Y have the same meaning as above, 
and particularly a derivative wherein the hydroxyl groups 
of Y are protected, e.g., an O-acylated derivative, e.g., 
the O,0'-diacetate, and coupling the diazotized compound 
into the desired coupling component providing X. Pref- 
erably Ar is a benzene nucleus. The preparation of 
protected derivatives of these amino compounds, such as 
the bis-acetoxy derivatives, is described later in this ap- 
plication. Where N is 1 and at least one Z is alkoxy 
such Z is preferably ortho to the amine group. 
As indicated above, in the aryl nucleus Ar preferably 76 
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wherein Z, n and Y have the same meaning as above. 

The preferred compounds within the group represented 
by Formula C are: 



15 



20 




and 



p-Amlnophenyl-hydroqalnone 



25 




m-Amlnophenyl-hydroquinone 
As examples of other compounds within Formula C 
useful in preparing the dye developers of Formula A, 
mention may be made of: 

2-(p-aminophenyl)-5-methyl-hydroquinone 

2- (p-aminophenyl ) -5-chloro-hydroquinone 

2- ( 3'-methyl-4'-aminophenyl ) -hydroquinone 

2-(p-aminophenyl)-5,€-dimethyl-hydroquinone 

2- ( 4 '-aminonaphthyl ) -hydroquinone 

2- ( m-aminopheny 1 ) -5-methyl-hydroquinone 

2-(4'-amino-3 / -methoxy-phenyl)-hydroquinone 

2-(p-aminophenyl)-€-methyI-hydroquinone 

2- (p-aminophenyl ) -5-bromo-hydroquinone 

2-(4^amino-2',5'-dimethoxy-phenyl)-hydroquinone 

2r(4'-amino-2'-chloro-phenyl)-hydroquinone 

2-C4'-amino-2'-methyl-phenyl)-hydroquinone 

It will be understood that the selection of particular 
alkyl and alkoxy groups in the compounds of Formula 
C may be varied as desired, so long as the resulting dye 
developer is capable of being dissolved in the alkaline 
photographic processing solution and of transferring by 
diffusion within a reasonable imbibition time. The se- 
lection of solubiiizing groups as substituents of the azo 
coupler radical, including their exclusion or inclusion, 
provides a useful means of modifying the solubility and 
diffusion properties of the resulting dye developer to meet 
the requirement of any particular application. 

The azo coupling is generally performed at a pH which 
is preferably not greater than about 9. The hydroxy 
groups of Y are protected during diazotization and cou- 
pling, as by the formation of a bis-acetoxy derivative 

By the use of two moles of the diazonium salt to each 
mole of the coupling component, one may couple twice 
into certain of the azo coupling components which pro- 
vide the azo coupling radical X, and which have two 
available coupling positions, as, for example, phenols and 
aromatic amines such as 1,6-dihydroxy naphthalene and 
1 ,5-diaminonaphthalene. 

Where the azo coupling component is a phenolic cou- 
pler, and particularly an a-naphthol, it has been found 
that coupling ortho to the hydroxyl group gives a dye 
developer of superior color properties. 

As examples of suitable dye developers within the scope 



of this invention, mention may be made of the follow* 
ing: 

(D 
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(vni) 



OH 





<0 



>CH, 



2- 1 p- <2' t 5'-dihydroxy phenyl ) -2, 5-dime thoxy-ph eny lazo 1 -4- 
10 methoxy-l-naphthoi 



<IX) 



OH 



OH 



l-phenyia-metfcyl-4- [ p- (2' ,5'-dihydroxy phenyl ) -phenylazo] - 
6-pyrazolone 



(II) 



OH 



OH 



15 




OH OCJEL 



2- tp-(2',0'-dlhydroxyphcnyl) -phenyla25o]-4-ben2amldo-l- 
: naphthol 



(HI) 



OH 




OH 




OCJEU 

20 2- [p- (2' ,5'-dihydroxyphenyl ) - pheny lazo 3 -4-ethoxy-l -naphthol 
(X) OH OH 

25 



30 




H— CHj 



CHa 



2- [ p- ( 2 ' ,5 ' -dihy d roxy phenyl ) -pheny lazo ] -4-me thoxy-1- 
naphthol 



2- tp- ( 2 / t 5 / -dihydroxyphenyl) ^jpbenylazo] -4-lsopropoxy-l- 



UV) 




4- [p- ( 2',5'-dihydroxy phenyl) -pbenylazo 3 -2,5-dimetboxy aniline 
(V) NH, OH 45 t 




t— CeHu 



OH 
I 





pheny 1-3-N-cy elohexy lcarbamy^-4- tp- (2 ',5'-dihydroxy- 



phenyl) -pheny lazo] -5-pyrazolone 



(XII) OH 



2,6-bis- [p- (2',5'-dibydroxypbenyl ) -pbenylazo J-1,5- 
naphthalene diamine 

(VI) OH OH 



65 






l-phenyl-3-phenyl-4-tp- (2\6'-dlhydroxyphenyl)-pnenylazo]- 
60 5-pyrazolone 



-C—CH, 



(XIH) 



2- [ p- (2',5'-dihydroxyphenyl) -phenylazo] -4-acetanrido-l- 65 
naphthol 



(VII) 




OH 



■N==N- 




70 



2.[p:c2^5Mlhydroxyphenyl)-phenyla ^ o^amino-l.napbthol 75 1 '< 4 '^ t ^^3^ 




•C=N 



(XIV) OH 
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(XX) 



C=N 



8 

Oil O-CH, 

OH 

i 

N=N 




10 



iHr-CHj-OH 
phenyl)-phenyUzoJ-5-pyrazolone ^"" yoroxy 




U 



(XV) OH 



OH 




15 

(XXI) 



20 




C»H 7 



)-CH^CEr-OH 

2-t*-(2%5^ihydroxypbe^ 25 *'*<*'*'-«»*^l^^ 

(XXII) 



(XVI) OH 




O CHj 
N=N-jj Tj-ft-lL-CH, 



OH 



30 



35 




-CHj-CH, 



(XVII) OH 




O 

-C — NH — i 



(XXIII) OH 



C«H, 



45 



50 




OH 



l.phenyl.3-N-n-hexylcarbamyl^-tm.(2 / ,5'-diliydroxyphenyl)- 
phenylazoJ-5-pyrazolone 



l-pbenyl-3-N-n-butyI-carbam; 



(XVIII) OH 



55 




(XXIV) OH 




OH 



NH, 



4- C P- (2',5'-dihydr6xyphenyl) -phenylazo J -1 -aaphthy lamine 
(XIX) OH CHj OH 

OH O-CH 




60 



65 ^IP-CZ'.S'-dihydroxypbenyD-pbenylazol.S-acetamldo^ 
naphtbol 



(XXV) OH 



2-[p(2',5'-dihydro.Typhenyl)-ometbyl-pbenylazo]-4- 
methoxy-l-oapbthol eu y iaz °J * 



75 8-amino-5-Ep-(2',5'-dlhydroxyphenyl)pheDylazo]^uinoUne 
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(XXVI) OH 




(XXXII) 




l-phenyl-3-trifluorometliyl-4- [p- ( 2' ,5'-dlhydroxy phenyl ) - 
phenylaao J -5-pyrazolone 



5 



JH 6— C1H4— 0— CaH*— 0— CjH 8 

2- 1 p- (2 ' .S'-dlhydroxy phenyl ) -phenylazo 3 -4-ethoxy ethoxy- 
10 ethoxy-l-naphthol 



(XXXin) OH 



OH 



(xxvn) 



OH 




C — NH— CaHu 




15 



2- 1 P- (2 ' ,5'-dlhydroxyphenyl) -phenylazo ) -4-metnylsnlf one-1- 
20 naphthol 



l-phenyl-3-N-n-hexyl-carbainyl-4- [ p- ( 2' i 5'-dihydroxyptaenyl ) - 
* vzoj-5 — 



phenylazo] -5-pyrazolone 



(XXVIH) 




OH 



N=N< 





>H O— C,H 7 

2- 1 p- (2',5'-dihydroxy-3 / -methyl-nhenyl) -phenylazo] -4 -n- 
propoxy-l-naphthol 



(XXIX) OH 



-NH— CiHa 



l-phenyl-3-N-n-heptylcnrbamyl-4- [p- ( 2' ,5'-dlhydroxyphenyl) - 
phenylazo 3-D -pyrazolone 

(XXX) OH 




NII-C 3 TIr-OII 



l-phenyl-3-N-^-hydroxyethylcarbamyl-4- [p- ( 2' ,5'-dihydroxy- 
phenyl)-phenylazo]-5-pyrazolone 



•NH— Cflj — CH — C«Hg 
CjHi 




l-pbenyl-3-(N-2'-eth; 



2'-ethylhexylcarbamyl ) -4- 1 p- (2 ' ,5'-dlhy droxy- 
phenyl ) -phenylazo] -5-pyrazolone 



1- ( o-car boxy phenyl ) -3-carboxanllido-4- tp- (2' ^'-dibydroxy- 
phenyl) -phenylazo] -5-pyrazolone 

35 As examples of additional coupling components which 
may be used to provide X, mention may be made of: 

4-benzyl- 1 -naphthol 
4-methyM -naphthol 
4-methoxy-a-naphthylamine 
40 4-methoxy- 1-sulf onamido naphthalene 
4-acetamido-a-naphthylamine 
Phenol 
Aniline 

1 , l'-dihydroxy-4,4'-biphenyl 
45 1 ^-naphthalene diamine 
p-Cresol 

3,6-bis-N,N-diethylsnlfonamido-8-amino- 1-naphthol 

^-Naphthol 

4-sulfo-l-naphthol 
50 Py-3-hydroxytetrahydro-7-bydroxy-naphthoquinoline 

1 -hydroxyanthracene 

l-hydroxy-2-naphthaniiide 

Diketohydrindene 

3-phenanthrol 
55 Malononitrile 

Acetoacetanllide 

Brenthol 

The novel dye developers of this invention are to be 
3Q distinguished from the compounds disclosed and claimed 
in the copending applications of Elian R. Blout, Milton 
Green and Howard G. Rogers, Serial No. 612,045, filed 
September 25, 1956 (now abandoned), and Serial Nos. 
144,816 [now U.S. Patent No. 3,134,672, issued May 26, 
65 1964], and 145,978 [now U.S. Patent No. 3,134,764, 
issued May 26, 1964J, both filed October 18, 1961, as 
continuations-in-part of said Serial No. 612,045, by the 
fact that the aryl nucleus Ar is directly attached to the 
phenyl ring of Y. The dye developers of this invention 
70 unexpectedly have been found to give higher film speed 
(exposure index), and better, control or ratio between 
Dmin. and Dinax. when employed in diffusion transfer 
processes, as compared with similar dye developers of the 
just mentioned Blout et al. applications. The dye devel- 
75 opers of this invention also are superior to. dye developers 



11 



3,183,089 



such as pfaenylazo hydroquinone in that the resulting dye 
transfer images are more stable, particularly as to heat 
and humidity. 

One general^ method of preparing compounds within 
Formula C utilizes the Meerwein arylation reaction, in 
which benzoquinone or an alkyl or halogen substituted 
benzoquinone is reacted with the appropriate diazotized 
mu-oanilme or nitronaphthylamine, and reducing the 
resulting nitroarylbenzoqumone product. The hydro- 
quinonyl hydroxyl groups are acylated prior to diazotizing 
the amine group. s 

An alternative method of preparing compounds with- 
in Formula C is to react the desired diazotized nitro- 
?5™ ,e or nitronaphthyl amine with, e.g., hydroquinone, 
followed by reduction to the desired amino product The 
hydroqumonyl hydroxyl groups may be acylated before 
or after reduction of the nitro group 

The following examples of the preparation of com- 

KLrx Fonnu,a ° are for purposes of a - 

Example J 

.• 2? ' 6 t f«° f P-? Uroanili ne was dissolved in a hot solu- 
tion of 60 cc. of water and 60 cc. of concentrated hydro- 
chloric acid, and poured, with stirring, onto 500 g. of 

sotuILn % M ° f T^ ' m a ^ shieIded from «sht. A 
U £\ of s ? diu,n nitrite in 56 M - of water was 
added rapidly below the surface of the suspension 10 N 

w7s stni 9drt°i^ dc ^i ution , was added until soluti °" 

was still acid but no longer turned Congo Red paper blue 

SmS^nH^T fflt - 6red tet ° ^ funnel Yielded 
from light, and added dropwise, at 10- C, to 24.2 g. of 
hy^oquinone dissolved in 120 cc. of waterV The refutt- 
ing solution was stirred for an hour and then filtered ^h e 

cSStr* d £° 1 ?? m 300 «■ of «>«*<* "a p? e - 
if u f ice mixture to yield 29 g. of 2-<> 

SMt^fcV 1 ^ yeIlow P^Pita? 
tuL u ■ C - R ecrystallization from xylene raised 
the melting point to 219-221.5° C. rasea 

a ^;^°S^ (P *^ P ^ nyl) " hydro « uiTOne «'n 250 cc. of 
acetic anhydndc and 2 cc. of sulfuric add was heated on a 
steam bath for one half hour, and then poured onto 
excess ice. The mixture was stirred and slowly warmed 
^ ^ w th UD,il ,he excess hydride was 7 de 
SHS ™ • f WM added *° cora P le,el y Precipitate 
on Afw fiUl ,X - tUrC T S COOl ^ d in ice to ^talliie the 
frL filtering, the precipitate was recrystallized 

K iSwfe^c. t " nes to ^ 13 4 e - of the diace ^ te - 

A solution cf 1.3 g. of 2.(i>.nitrophenyl)-hydroquinone- 
of R^^-V? 130 ° f ethyl acetete containing 6^. 
ovenS C f t3lySt was hvdrogenated at 32 8 f 

overnight The solvent was evaporated and the residue 
taken up m benzene and then precipitated with HO [The 
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15 



of water, and the mixture warmed on a steam bath The 
£■ n^?. 8 A lurry J of *e hydrochloride was rapidly cooled 
of n « J C -. andto thls . w as added dropwise a solution 
of 13.8 g. of sodium nitrite in 25 cc. of water. Stirring 
was continued for one hour at 0-5' C, filtered and added 
ail at once to a stirred suspension of 25.9 g. of purified 
benzoquinone in an aqueous solution of sodium acetate 
S 8 ' SO<3lU n aCCtate ,n 1200 cc " w ater/ice mixture con- 

S &ow7 5 " 3 c °™ ° f an ! ifoam asent) at 3 tem P era " 
lure oeiow 15 C. The reaction mixture was stirred for 

filter^ 0 v r a 0 h V ^ nigh tL at r °° m ^Wm, and the solid 
r, uZ T f?u d W,th . water » and dried to yield 2-(m- 

M!? p Ko9 b -T qu,none as a ,i8bt bro ™ p° wd ™» 

int 5 hL° f 2 - (m ' ni, J opheny, >- benzo< l» li n o ne was placed 

g f t^t? fla$k wUh 500 ~ of ethanol and ?4 
g. of 10% palladium on charcoal catalyst. Hydrogena- 
tion was effected at room temperature, toe theoretical 
amount of hydrogen being consumed witWn 4 hours The 
20 mS" 0 " PMdUCt W3S isolated *y filtraC7hrouih 
Tte « sn ?ti aPO f;° n ° f th V° Ivei " «nder vacuum 8 
moif? „ resul ! lng ^.-("n-aminophenyD-hydroquinone f 0 2 
P lace d in a flask with 750 cc. of gS a ceiic 
^ - 8d been P resatu rated with HC1 gas. res^ It! 
ing solution was stirred for 15 minutes whh Wri 

(45 Jo- uT^i W ? Slirrin *- A warn > waU r b f m 
was p,aced unde r the reaction flask for 1 

w^hed^nd U d 8 r^ b -° Wn ^ WhlCh ~*™£i£U 
Example 4 

chfo2f i "° pbeny ! oydroquinone-O.O'^iacetate hvdro. 

chloric acid, ^iL^tl^cl^^T^^ 0 - 
nirtte dissolved in 10 cc of water 8> ° f $ ° d,Uln 

a SionTf ^(O^O 3 ' mm^Trn^* -«« 
pyrazolone fa & « ( rf\K?42 ^"yl-^ethyl-S- 
bonate and 10 cc of °th^ a f of sod,um bic ar- 
ously been cooled'to 5-^ 4h the S ° "• ti ° n P^vi- 
tate is filter^ and ?hL yeUcw P reci P''- 

cc of etha^l and 25 cc.^f = £?° S ^ 25 
solution for 5 minutes a t^O°foS- r I°^ m hydroxide 



25 



30 



35 



40 



45 



50 



60 



tate as tan glistening needles. 

Example 2 

The procedure of Example 1 was repeated, except that 
the reduction step was carried out as follows: IZO g of 
2-(p-nitro P henyl)-hydroqiiinone-0,0'-diacetate in 120 cc 
of ethyl acetate containing 2 cc. of Raney Sckdcatalv^ 
was hydrogenated at 88' C. for 5.5 hou"! tiie^Sa 
hydrogen pressure being 19.5 p s i The rM^™T • I 
was filtered Jhrpngh Celite a;ra; U mlJa%roSTc ^r <* 
yellow oil. This ofl was washed three times with hexa^e 
then covered with water and concentrated wffi 
slowly with stirring. A white cr^ta^a^ of the 
hydrochlonde formed and was filtered to yleM 8 3 c 
E^poration of the mother liquor yielded 0.4 JSmSLS 

Example 3 

,J?f C ' ° f c ? ncentra ^d HC1 was added slowly to a 
stirred suspense of 27.6 g. of m-mtroaniline 200 cc 75 



70 



aye developer exhibits a > «♦ vToa" ui me 

ethanol Analyst Tof me pr^uctsfots 1 "''' * >22 ' 4 °°' in 
68 45 HtZT Found: C, 68.7; 

Example 5 

ch^o^ofef „?' 0 '^ate hydro, 

similar t^that^d mSamp d eT t,Zed h 3 n,3DDer 

toinrorac;!;^ s j c 3 4 °r ™ ie > - — 

10 cc. of water and f thl J 8 " ° f so * uin bi "rbonate in 
diazo ^olutiofis^dded ^ t0 5 ° C - ^ 

stirred for 5 minutes *A hSIT T d ^ e sus Pen«on is 
out and dissolved m e thlof Ti; red f^ cl P ita,e " ^tered 
and the product precTohaien JSf S ° ,UtJOn is niter ed 
is filtered and thf wet fflter «f ZT\ The P reci Pitate 
under nitrogen, with 20 a of hydro, y zcd b y heating, 
sodium hyd?oxidrfo r 4 ^„ u 0 L etha , n0, - a " d 20 w - of 
hydrochloric acid ^T^cS!!?^^;^ 
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phenylazo] -4-benzairu\lo-l-haphthol [Formula II], the 
absorption spectrum of which exhibits a X ma3t . at 505 m/t 
inethanoi. 

Example 6 

*, p-Aminophenyl hydroquinone 0,O' - diacetate hydro- 
chloride (19.2 g.; 0.06 mole) is diazotized in a manner 
similar to that set forth in Example 1, and is poured into 
a solution of 9.2 g. of 2,5-dtoethoxyaniIine in 200 cc. of 

. acetone and 100 cc of water. Sodium acetate is added 
to bring the pH to about 6 and the mixture is stirred for 
half an hour. After filtering, the semi-solid precipitate is 
dissolved in acetone and precipitated by pouring onto 1% 
hydrochloric acid and ice. The oily precipitate is filtered, 
dissolved in methyl Cellosolve and precipitated into an 
ice solution saturated with sodium acetate and sodium 
chloride to give 22.5 g. of a yellow-orange product. Hy- 
drolysis of this product gives 4 - [p - (2\5' - dihydroxy 
phenyl) -phenylazo] -2,5-dimethoxyaniline [Formula IV], 
the absorption spectrum of which exhibits a X,^ at 
444-448 aifi in methyl Cellosolve, e=26,000. 

Example 7 

Diazotized p-aminophenyl hydroquinone 0,0'-diacetate 
hydrochloride is coupled into 4-methoxy-l-naphthoi in a 
manner similar to that set forth in the above examples. 
Hydrolysis of the hydroquinone diacetate gives 2-[p-2',5'- 
dihydroxyphenyD-phenylazo] -4- metboxy - 1 - naphthol 
[Formula III], M.P. 201-203° C. The absorption spec- 
trum of this product exhibits a X n ^ y of 540-542 ni/i in 
methyl Cellosolve, c>23,000. Anaiysis of the hydro- 
quinone diacetate product shows: 
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phenylazo]-4-methoxy - 1 - naphthol [Formula III]. The 
aqueous processing composition comprises: 

, Percent 

Sodium carboxymethyl cellulose 4.5 

1 -phenyl-3 -pyrazolidone 0.2 

Sodium hydroxide , 2.0 





C 


H 


N 




68.9 

es.8 


4.7 

-.. 6.1 


a. 95 


Found. . 
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Potassium bromide o.2 

The image-receiving element, prepared as described in 
Example 8, contains a magenta, positive dye image when 
separated from the photosensitive element after an imbibi- 
tion period of approximately 1 minute. 

Example 10 

When the procedure of Example 9 is repeated employ- 
ing, as the image-receiving element, a cellulose acetate- 
coated baryta paper which has been coated with a layer 
of polyvinyl alcohol (cast from a 6% aqueous polyvinyl 
alcohol solution), a purple, positive dye image is obtained. 

Example 11 

Use of 4-[r>(2',5'-dmydroxvphenyl) - phenylazo] - 2,5- 
dimethoxyaniline [Formula IV] in the process described 
in Example 9 results in a yellow, positive dye image on 
the image-receiving element 

Example 12 

A photosensitive element is prepared as described in 
Example 8, using a solution of 2.5% of 2,64>is-[jp-(2',5'- 
dihydroxyphenyl) : phenylazo] - 1,5 - naphthalene 
[?Wx;=440, e >1300; A^.^610, e >39,000; For- 
mula V] in methyl Cellosolve solution containing 4% 
cellulose acetate hydrogen phthalate. The photosensi- 
tive element is exposed and processed as described in 
Example 8, using an aqueous processing composition 
comprising: 



cellulose 



In the following examples all parts are given by weight 
except where otherwise noted, and all operations involv- 40 
ing light sensitive materials are carried out in the absence 
of actinic radiation. These examples are intended to be 
illustrative only of the photographic use of the dye de^ 
velopers and should not be construed as limiting the in- 
vention in any way. 45 

Examp le 8 



Sodium carboxymethyl 
1 -phenyl-3 -pyrazolidone 

Sodium hydroxide 

Potassium bromide 



— 6.0 

— 0.2 

— 5.0 

— 0.5 



After an imbibition period of approximately 1 minute, 
the image-receiving element as separated and contains a 
black, positive dye image. 

Example 13. 

A photosensitive element is prepared in a manner similar 
to the above examples, except that the dye developer is 
dispersed in a layer of gelatin. The coating solution 



A photosensitive element is prepared by coating a 
gelatin-coated film base with a solution comprising 3% 

™*w h < 50 ftom which the *y* Eloper layer is coated^ prepared 

methyI-5-pyrazolpne (Formula I, as prepared in Exam- by dissolving 0.5 g. of ^[m-(2^5^ihydrox^S^ 

phenylazo] -4-/9-hydroxy-ethoxyl-l- n aphthol, l cc of cyclo- 



ple 4) in a solution of 4% cellulose acetate hydrogen 
phthalate in a 50:50 mixture, by volume, of tetrahydro- 
furah and* acetone; After this coating has dried, a silver 
iodobromide emulsion is applied. An image-receiving 
element is prepared by coating a cellulose acetate-coated 
baryta paper with a solution comprising 4% N-methoxy- 
methyl polyhexamethylene adipamide in 80% aqueous 
isopropanoL The photosensitvie element is exposed, and 
brought into superposed relationship with said image- 
receiving element as an aqueous liquid composition com- 
prising: 

Percent 

Sodium carboxymethyl cellulose 4.5 

Potassium bromide - '. . 0.2 

Sodium hydroxide 1.5 

l-phenyl-3-pyrazolidone 0.2 

is spread between said, elements. After an imbibition 
period of approximately 1 minute, the image-receiving 
element is separated and contains a yellow positive image. ?0 

Example 9 

The process described in Example 8 is. repeated, using, 
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hexanone, and 0.5 cc. of N-n-butylacetandlide and diluting 
this solution at 40° C, with a solution comprising 5 g. 
of 10% gelatin solution, 1.67 cc. of water, and 0.67 cc. 
of Alkanol B. Emulsification is effected by high speed 
agitation in a Waring Blendor. 5 cc. of the resulting 
dye dispersion is added to 10 cc. of water containing small 
amounts of saponin and succinaldehyde, and then coated 
on the gelatin-subcoated cellulose acetate film base. After 
this coating has dried, a green-sensitive silver iodobromide 
emulsion is applied and allowed to dry. A photosensitive 
element prepared in this manner was exposed, and brought 
anto superposed relationship with an image-receiving 
element as an aqueous liquid composition comprising: 

Water cc.. 100 

NaOH 5.17 

Hydroxyethyl cellulose (high viscosity [commer- 
^ cially available from Hercules Powder Co., Wil- 
* mington 99, Delaware, under the trade name 

Natrosol 250] g 4.03 

Sodium thiosulfate ; g__ 1.15 

Benzotriazole . g 2.3 



as the dye developer, 3% of 2- [p-(2',5'-dihydroxyphenyl)- 75 N-benzyi-a^picolinium bromide 



g— 



2,3 
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is spread between said elements. The image-receiving 
element comprises a 2:1 mixture, by weight, of polyvinyl 
alcohol and poly-4-vinylpyridine on a baryta paper sup- 
port. After an imbibition period of approximately 1 
minute, the image-receiving element is separated and con- 5 
tains a magenta positive image. 

As will be readily understood by one skilled in the art, 
the dye developer not specifically described in the above 
specific examples may be prepared by diazotization and 
coupling procedures similar to those illustrated by Ex- 10 
amples 4 through 7, substituting the desired azo coupler 
and amino compound within the aforementioned Formula 
C. 

The dye developers of this invention which have, as 
part of the azo coupler radical X, a l-o-carboxyphenyl-5- 15 
pyrazolone system, also are useful in the preparation 
of the pyrazolone lactones disclosed and claimed in the 
copending application of Samuel Dershowitz and Robert 
B. Woodward, Serial No. 101,264, filed April 6, 1961. 

The use: of 7-amino-l-naphthol as the azo coupler 20 
radical X has been found to give magenta dye developers 
having unexpectedly superior light stability and color 
characteristics. Dye developers of this type are disclosed 
and claimed in the copending application of Milton Green, 
Terry Mflligan and Daniel L. Ross, Serial No. 174,248, 
filed February 19, 1962. 

The use of 3 ~cyano-5-pyrazol ones as the azo coupler 
radical X has been found to give yellow dye developers 
of unexpectedly superior light stability and color charac- 
teristics. Dye developers containing such 3-cyano-5-py- 30 
razolone radicals are disclosed and claimed in the copend- 
ing application of Daniel L. Ross, Serial No. 248,240, 
filed December 31, 1962. 

The quinones of the novel azo dye developers of this 
invention, e.g., 35 



40 



CH 3 

2-[p-2',5'-dioxopbenyl)-phoiiylazol-4-inetlioxy-l-naplithol 

may be prepared by oxidizing under conditions which . r 
do not attach the azo bond, e.g., by oxidizing with 
benzoquinone, chloranil, or mercuric acetate. These azo 
quinones are useful in the photographic processes dis- 
closed and claimed in the copending application of Howard 
G. Rogers, Serial No. 825,359, filed July 6, 1959, as 
a continuation-in-part of, and replacement for, Serial No. 
599,122, filed JuJy 20, 1956, now abandoned. One method 
of preparing such a quinone is to dissolve the azo dye 
developer and a 20% molar excess of mercuric acetate 
in, e.g., dimethylformamide, and heat the mixture, while r5 
open to the air, on a steam bath for 3 to 4 hours. Upon 
cooling, the insoluble mercurous acetate is filtered out 
and the product is precipitated by adding water. Such 
oxidation procedures are described in the copending appli- 
cation of Richard S. Coriey, Serial No. 700,276, filed 
December 3, 1957 [now U.S. Patent No. 3,116,279]. 

It should be noted that dye developers in which a hy- 
droquinonyl group becomes a part of the conjugated sys- 
tem are sensitive to pH -changes in the absence of sulfo 
or carboxyl groups in the dye developer molecule. Thus r _ 
1 - phenyl-3-[p-(2 / ,5'-dihydroxyphenyl)-phenylazo] - 4- 
methyl-5-pyrazoIone is yellow under neutral or acid condi- 
tions. Application of approximately 1.5% aqueous so- 
dium hydroxide solution to a yellow image obtained using 
said dye developer results in a grayish-brownish color. ^ n 
Since the dye developer is rendered effective by solution 
in an aqueous alkaline liquid processing composition, it 
accordingly is necesary to assure that the environment in 
which the transferred and unreacted dye developer is 
deposited has or is capable of attaining the requisite pH 75 
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value affording the desired color to the diffused dye de- 
veloper. This may be accomplished by use of a volatile 
basic compound such as diethylamine in the liquid proc- 
essing composition. If sodium hydroxide is utilized in 
the processing liquid, it becomes carbonated after proc- 
essing and by contact with the air and this is effective to 
provide the desired pH change. Further control of the 
pH of the transferred and unreacted dye developer may 
be had by utilizing an image-receiving element which is 
difficultly penetrable by alkali, for example an appropriate 
nylon such as N-methoxymethyl polyhexa methylene adip- 
amide, or by the use of a receiving element in which an 
acid or an acid-forming compound, e.g., oleic acid, has 
been incorporated. 

The dye developers of this invention are also useful in 
integral multilayer photosensitive elements for use in 
multicolor diffusion transfer processes. As an example 
of such photosensitive elements, mention may be made 
of the photosensitive elements disclosed and claimed in 
the copending U.S. application of Edwin H. Land and 
Howard G. Rogers, Serial No. 565,135, filed February 13, 
1956, wherein at least two selectively sensitized photo- 
sensitive strata are superposed on a single support and 
are processed, simultaneously and without separation, with 
a single common image-receiving element. A suitable 
arrangement of this type comprises a support carrying a 
red-sensitive silver halide emulsion stratum, a green-sensi- 
tive silver halide emulsion stratum and a blue-sensitive 
silver halide emulsion stratum, said emulsions having 
associated therewith, respectively, a cyan dye developer, 
a magenta dye developer and a yellow dye developer. In 
one of the preferred embodiments of photosensitive ele- 
ments of this type, the dye developers are disposed in 
separate alkali-permeable layers behind the photosensi- 
tive silver halide emulsion stratum with which they are 
associated. 

The photosensitive elements within the scope of this 
invention may be used in roll film units which contain a 
plurality of photosensitive frames. The photosensitive 
elements of this invention are especially useful in compo- 
site roll film intended for use in a "Polaroid Land Cam- 
era " sold by Polaroid Corporation, Cambridge 39, Mas- 
sachusetts, or a similar camera structure such, for exam- 
ple, as the camera forming the subject matter of U.S 
Patent No. 2,435,717, issued to Edwin H. Land on Febru- 
ary 10, 1948. In general, such composite roll films com- 
prise a photosensetive roll, a roll of image-Teceiving ma- 
terial and a plurality of pods containing an aqueous alka- 
line processing solution. The rolls and pods are so as- 
sociated with each other that, upon processing, the photo- 
sensitive element may be superposed on the image-receiv- 
ing element and the pods may be ruptured to spread the 
aqueous alkaline processing solution between the super- 
posed elements. The nature and construction of the pods 
used in such units are well known to the art. See for 
example, U.S. Patents Nos. 2,543,181 and 2,634,886. 
issued to Edwin H. Land. 

It will be noted that the liquid processing composition 
may contain one or more auxiliary or accelerating silver 
halide developing agents, such as p-methylaminophenol 
(Metol); 2,4 - diaminophenol (Amidol); benzylamino- 
phenol; hydroquinone; a substituted hydroquinone such 
as toluhydroquinone, phenylhydroquinone, or 4'-methyI- 
phenylhydroquinone; or a 3-pyrazolidone such as 1- 
phenyl-3-pyrazoIidone. These silver halide developing 
agents are substantially colorless, at least in their un- 
oxidized form. It is possible that some of the dye devel- 
oper oxidized in exposed areas may be oxidized by an 
energy transfer reaction with oxidized auxiliary develop- 
ing agent. 

In addition, development may be effected in the pres- 
ence of an onium compound, particularly a quaternary 
ammonium compound, in accordance with the processes 
disclosed and claimed in the copending application of 
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Milton Green and Howard G. Rogers, Serial No. 50,851, 
filed August 22, 1960. 

The dye developers of this invention ihay be used also 
in conventional photographic processes, such as tray or 
tank development of conventional photosensitive films, 
plates or papers to obtain black and white, monochromatic 
or toned prints or negatives. By way of example, a 
developer composition suitable for such use may com- 
prise an aqueous solution of approximately 1-2% of the 
dye developer, 1% sodium hydroxide, 2% sodium sulfite 
and 0.05% potassium bromide. After development is 
completed, any unreacted dye developer is washed out 
of the photosensitive element, preferably with an alkaline 
washing medium or other medium in which the unreacted 
dye developer is soluble. The expression 'Honed" is used 
to designate photographic images wherein the silver is 
retained with the precipitated dye, whereas "monochro- 
matic" is intended to designate dye images free of silver. 

It should be noted that the dye developers of this me- 
dium are self-sufficient to provide the desired color image 
and do not depend upon coupling reactions to produce 
the desired color. They thus provide a complete depar- 
ture from conventional photographic color processes in 
which the color is produced by a coupling reaction be- 
tween a "color former" or "coupler" and the oxidized 
developing agent, as well as so-called auto-coupling proc- 
esses in which color is obtained by a reaction of the oxi- 
dized developing agent with unqxidized developing agent. 

It will be apparent that, by appropriate selection of 
the image-receiving element from among suitable known 
opaque and transparent materials, it is possible to obtain 
either a colored positive reflection print or a colored 
positive transparency. Likewise, the inventive concepts 
herein set forth are adaptable for multicolor work by 
the use of special photographic materials, for example, 
film materials of the type containing two or more photo- 
sensitized elements associated with an appropriate num- 
ber of image-receiving elements and adapted to be treated 
with one or more liquid processing compositions, appro- 
priate dye developers suitable to impart the desired sub- 
tractive colors being incorporated in the photosensitized 
elements or in the liquid processing compositions. Ex- 
amples of such photographic materials are disclosed in 
U.S. Patent No. 2,647,049 to Edwin H. Land. 

As examples of useful image-receiving materials, men- 
tion may be made of nylon, e.g., N-methoxymethyl-poly- 
hexarnethylene adipamide, polyvinyl alcohol, and gelatin, 
particularly polyvinyl alcohol or gelatin containing a dye 
mordant such as poly-4-vinylpyridine. The image-receiv- 
ing element also may contain a development restrainer, 
e.g., l-phenyl-5-mercaptotetrazole, as disclosed in the co- 
pending application of Howard G. Rogers and Harriet 
W. Lutes, Serial No. 50,849, filed August 22, 1960. 

The dye developers herein set forth are also useful in 
the formation of colored images in accordance with the 
photographic products and processes described and 
claimed in U.S. Patent No ? 2,968,554, issued to Edwin 
H. Land on January 17, 1961. 

The novel compounds herein disclosed are also suitable 
for use as dyes for textile fibres, such as nylon. 

In the preceding portions of the specification the ex- 
pression "color" has been frequently used. This expres- 
sion is intended to include the use of a plurality of colors 
to obtain black. 

This application is in part a continuation of my co- 
pending application, Serial No. 612,053, filed September 

25, 1956, now abandoned in favor of the instant appli- 
cation, and of Serial No. 196,524, filed concurrently 
herewith [now U.S. Patent No. 3,134,765, issued May 

26, 1964], claiming as novel compounds per se the dye 
developers herein described. 

Since certain changes may be made in the above prod- 
ucts, compositions and processes without departing from 
the scope of the invention herein involved, it is intended 
that all matter contained in the above description shall 
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be interpreted as illustrative and not in a limiting sense. 
What is claimed is: 

1. A photographic developer composition comprising 
an aqueous solvent, an alkaline material soluble therein, 

5 a silver halide developing agent which is substantially 
colorless in at least its unoxidized form, and an azo dye 
developer of the formula: 

[Y— A r — N=N — ~j X 
Zo Jn 

wherein Y is selected from the group consisting of p- 
dihydroxyphenyl, o-dihydroxyphenyl radicals and alkyl 

15 and halogen nuclear substituted p-dihydroxyphenyl and 
o-dihydroxyphenyl radicals; Ar is a divalent aryl nucleus 
directly attached to said phenyl ring of Y and selected 
from the group consisting of benzene and naphthalene 
nuclei, said — N=N — group being directly attached to 

20 a ring carbon of said aryl nucleus; each Z is selected 
from the group consisting of halogen, alkoxy and alkyl 
radicals; n is from 0 to 2, inclusive; m is from 1 to 2, 
inclusive; and X is the radical of an azo dye coupler 
linked to said — N=N — group and completing said azo 

25 dye developer, said Y providing the only silver halide 
developing radicals in said azo dye developer. 

2. A photographic developer composition as defined 1n 
claim 1, wherein Ar is phenyl, n is 0, m is i, and Y 
is 2,5-dihydroxyphenyl. 

30 3. A photographic developer composition as defined in 
claim 1 , wherein X is a phenolic azo coupler radical. 

4. A photographic developer composition as defined in 
claim 1, wherein X is an aromatic amino azo coupler 
radical. 

35 5. A photographic developer composition as defined in 
claim 1, wherein X is a heterocyclic aromatic azo cou- 
pler radical. 

6. A photographic developer composition as defined in 
claim 1, wherein X is selected from the group consisting 

40 of aliphatic and alicyclic activated methylene azo cou- 
pler radicals. 

7. A photographic developer composition as defined in 
claim 1, wherein said silver halide developing agent is 
a 3-pyrazolidone. 

45 8. A photographic developer composition as defined in 
claim 1, wherein said silver halide developing agent is 
a hydroquinone. 

9. A photographic developer composition comprising 
an aqueous alkaline solution of l-phenyl-3-methyl-4-[p- 

50 (2^5'Tdmyd^oxyphenyl)-pheny^azol-5-py^azolone and a 
sUver halide developing agent which is substantially color- 
less in at least its unoxidized- form. 

10. A . photographic developer composition comprising 
an aqueous alkaline solution of 2-[p-(2',5'-dmydroxy- 

55 phenyl )-phenylazo]-4-benzamido-l-naphthol and a silver 
halide developing agent which is substantially colorless 
in at least its unoxidized form. 

11. A photographic developer composition comprising 
an aqueous alkaline solution of 2-[p-(2%5'-dihydroxy- 

60 phenyl)-phenylazo]-4-methoxy-l-naphthol and a silver 
halide developing agent which is substantially colorless 
in at least its unoxidized form. 

12. A photographic developer composition comprising 
an aqueous alkaline solution of 4-[p-(2',5'-dihydroxy- 

$5 phenyl ) -phenylazo] -2,5-dimethoxyaniline and a silver 
halide developing agent which is substantially colorless 
in at least its unoxidized form. 

■13. A photographic developer composition comprising 
an aqueous alkaline solution of 2,6-bis-[p-(2',5'-dihy- 

70 droxyphenyl) -phenylazo] -1,5-naphthalene diamine and a 
silver halide developing agent which is substantially col- 
orless in at least its unoxidized form. 

14. A photographic product comprising a support, a 
silver halide emulsion in a layer carried by said support 

75 and an azo dye developer in a layer carried by said sup- 
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port, said azo dye developer being a compound of the 
formula: 

[Y-Ar— n=n— nx 

wherein Y is selected from the group consisting of p- 
dihydroxyphenyl, o-dihydroxyphenyl radicals and alkyl 
and halogen nuclear substitued p-dihydroxyphenyl and 
o-dihydroxy phenyl radicals; Ar is a divalent aryl nucleus 
directly attached to said phenyl ring of Y and selected 
from the group consisting of benzene and naphthalene 
nuclei, said — N=N — group being directly attached to 
a ring carbon of said aryl nucleus; each Z is selected 
from the group consisting of halogen, alkoxy and alkyl 
radicals; n is from 0 to 2, inclusive; m is from 1 to 2, 
inclusive; and X is the radical of an azo dye coupler 
linked to said — N=N — group and completing said azo 
dye developer, said Y providing the only silver halide 
developing radicals in said azo dye developer. 

15. A photographic product as defined in claim 14, 
wherein said azo dye developer is l-phenyl-3-methyl-4- 
[p- ( 2\5 '-dihydroxyphenyl ) -phenylazo] -5-pyrazolone. 

16. A photographic product as defined in claim 14, 
wherein said azo dye developer is 2-[p-(2',5'-dihydroxy- 
phenyl ) -phenylazo] -4-benzamido-l -naphthol. 

17. A photographic product as defined in claim 14, 
wherein said azo dye developer is 2-[p-(2',5'-dihydroxy- 
phenyl)-phenylazo]-4-methoxy-l-naphthol. 

18. A photographic product as defined in claim 14, 
wherein said azo dye developer is 4-[p-(2',5'-dihydroxy- 
phenyl)-phenylazo3-2,5-dimethoxyaniline. 

19. A photographic product as defined in claim 14, 
wherein said azo dye developer is 2,6-bis-[p-(2',5'-dihy- 
droxy) -phenylazo] -1,5-naphthalene diamine. 

20. A photographic product as defined in claim 14, 
wherein said azo dye developer is in a layer positioned 
between said support and said layer containing said silver 
halide emulsion. 

21. In a process of forming a photographic image in 
color, the steps which comprise developing an exposed 
silver halide emulsion with an aqueous alkaline solution 
containing an azo dye developer of the formula: 

r Y— A r— N=N— ~|X 

L. Zn Jm 

wherein Y is selected from the group consisting of p- 
dihydroxyphenyl, p-dihydroxyphenyl radicals and alkyl 
and halogen nuclear substituted p-dihydroxyphenyl and 
o-dihydroxyphenyl radicals; Ar is a divalent aryl nucleus 
directly attached to said phenyl ring of Y and selected 
from the group consisting of benzene and naphthalene 
nuclei, said — N=N — group being directly attached to 
a ring carbon of said aryl nucleus; each Z is selected 
from the group consisting of halogen, alkoxy and alkyl 
radicals; n is from 0 to 2, inclusive; m is from 1 to 2, 
inclusive; and X is the radical of an azo dye coupler 
linked to said — N=N— group and completing said azo 
dye developer, said Y providing the only silver halide 
developing radicals in said azo dye developer to pro- 
vide in said emulsion an imagewise distribution of un- 
oxidized dye developer in undeveloped areas of said 
emulsion, and transferring at least part of said imagewise 
distribution of unoxidized dye developer by imbibition 
from said emulsion to an image-receiving layer in super- 
posed relationship with said emulsion to impart a trans- 
fer image in color to said image-receiving layer. 

22. The process as defined in claim 21, wherein Ar is 
phenyl, n is 0, m is 1, and Y is 2,5-dihydroxyphenyl. 

23. The process as defined in claim 21, wherein said 
dye developer is disposed prior to exposure in a photo- 
sensitive element containing said emulsion and the solu- 
tion containing said dye developer is formed by permeat- 
ing said photosensitive element with an aqueous alkaline 
liquid capable of solubilizing said dye developer. 

24. The process as defined in claim 23, wherein said 
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liquid is introduced by being spread in a substantially 1 
uniform layer between said photosensitive element and 
an image-receiving element including said image-receiv- 
ing layer as said elements are brought into superposed 
5 relationship. 

25. The process as defined in claim 24, wherein said 
liquid contains a thickener for increasing viscosity and 
for facilitating the spreading thereof between said photo- 
sensitive element and said image-receiving element. 
10 26. The process as defined in claim 21, wherein said 
dye developer is dissolved in an aqueous alkaline solu- 
tion prior to application thereof to said exposed emul- 
sion. 

27. A process as defined in claim 21, wherein X is a 
15 phenolic azo coupler radical. 

28. A process as defined in claim 21, wherein X is an 
aromatic amino azo coupler radical. 

29. A process as defined in claim 21, wherein X is a 
heterocyclic aromatic azo coupler radical. 

20 30. A process as defined in claim 21, wherein X is an 
azo coupler radical selected from the group consisting 
of aliphatic and alicyclic activated methylene couplers. 

31. A process as defined in claim 21, wherein said dye 
developer is 1 - phenyl - 3 - methyl - 4 - [p - (2',5'- 

25 dihydroxyphenyl) -phenylazo] -5-pyrazolone. 

32. The process as defined in claim 21, wherein said 
dye developer is 2- [p-(2',5 '-dihydroxyphenyl) -phenyl- 
azo] -4-benzamido- 1 -naphthol. 

33. The process as defined in claim 21, wherein said 
30 dye developer is 2-[p-(2',5'-dihydroxyphenyl)-phenyl- 

azo] -4-methoxy-l-naphthol. 

34. The process as defined in claim 21, wherein said 
dye developer is 4- [p-(2',5'-dihydroxyphenyl) -phenyl- 
azo ] -2,5-:dimethoxy anil ine. 

35 35. The process as defined in claim 21, wherein said 
dye developer is 2,6 - bis - [p - (2',5' - dihydroxyphenyl )- 
phenylazo] - 1 ,5-naphthalene diamine. 

36. A process as defined in claim 21, wherein said 
aqueous alkaline solution includes a silver halide devel- 

40 oping agent which is substantially colorless in at least 
its unoxidized form. 

37. A process as defined in claim 36, wherein said 
silver halide developing agent is a 3-pyrazolidone. 

38. A process as defined in claim 36, wherein said 
45 silver halide developing agent is a hydroquinone. 

39. The process which comprises developing an ex- 
posed photosensitive silver halide emulsion with an aque- 
ous alkaline solution of an azo dye developer of the for- 
mula: 

50 

[Y — A r — N=N — *"| X 
Z D Jen 

wherein Y is selected from the group consisting of p- 
55 dihydroxyphenyl, o-dihydroxyphenyl radicals and alkyl 
and halogen nuclear substituted p-dihydroxyphenyl and 
o-dihydroxyphenyl radicals; Ar is a divalent aryl nucleus 
directly attached to said phenyl ring of Y and selected 
from the group consisting of benzene and naphthalene 
60 nuclei, said — N=N — group being directly attached to 
a ring carbon of said aryl nucleus; each Z is selected 
from the group consisting of halogen, alkoxy and alkyl 
radicals; n is from 0 to 2, inclusive; m is from 1 to 2, 
inclusive; and X is the radical of an azo dye coupler 
65 linked to said — N=N — group and completing said azo 
dye developer, said Y providing the only silver halide 
developing radicals in said azo dye developer. 
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